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Background Workflow and Background

It is well known that proteins form complexes 1o increase their stability and improve
functionality. There are mainly two types of complexes — homomers, in which all subunits

are identical, and heteromers, in which subunits are encoded by different genes. -
However it is still not well understood whether these types have differences in the mode of :Get evolutionary ratei
evolution. Here we address this qUGSﬂOﬂ S’rudying five homomer and five heteromers. o S . P r-’! for each position :

~ Select homomeric | ] | Align all homologous for | R

. and heteromeric :~——r——r:GEt homologous pr_:::temsl___r__+ each protein and clean |
XOPOLLIO M3BECTHO, YTO BEAKM ADOPMMPYIOT KOMMAEKCHI, YTO YAYYLLIAET MX CTOBUABHOCTb U | e | | foreachprolein | ' the resulting alignment |
OYHKUMOHAABHOCTh., CYLLLECTBYIOT ABA OCHOBHbIX TWUMA KOMIMAEKCOB: TOMOMEPLI, B S R — —_— CEEE—
KOTOPbIX CYOBbEAMHULLBI MAEHTUYHbI, 1 TETEPOMEPSI, B KOTOPbIX CYOBEAMHULLBI KOAMPYIOTCS - _l - - L ;: Get;n;s;;?iz:: mrI
PA3AUYHBIMKM TEHAMU. OAHOKO HEACHO, €CTb AWM PA3AMYUS B SBOAIOLIMM TOMOMEPHbIX U I.;Getthe SDE for Each“'- C eoerie | U
reTEPOMEPHbLIX CYObeAMHML,. B HacTodLemM MCCAEAOBAHUMM COMOCTABAEHO 3BOAKOLLMS | S — ~interface and core for Qo592
NATM CEMEMNCTB TOMOMEPOB U NATU CEMEUNCTB TETEPOMEPOB. e ) | mmiaminl A é,' )

20- e 4 .
Ang mga profina ay bumubuo ng iba't ibang complexes upang tumaas ang kanilang : Arose. . rv\;JIue =-0.247
estabilidad at kakayahan. Mayroong dalawang mas kilalang complex — homomers, na . p Value = 3.49
binubuo Nng mga kasangkap na magkapareho, at heteromers na mayroon kasangkap Computing the evolutionary rate 5. .
Nna gawa ng iba't ibang genes. Ngunit, hindi pa masyadong naiitindihan kung mayroong Kc / Ko : : .
pagkakaiba ang ebolusyon ng mga complex na ito. Dito natin maisasagot ang tanong ) . 1 : . .
Na ito sa paraang nang pag-aaral ng limang homomer at limang heteromer. HSC\_)LOH . HSCMOH 4 Conservative )
NH; NH, g

Es coneix que les proteines formen complexos per millorar la seva estabilitat | 5
funcionalitat. Hi ha dos tipus de complexes principals: els homomers, en els quals les o My HZNWOHJ rocied
subunitats son identiques, i els heteromers, en els quals les subunitats estan codificades en NH, NH;

gens diferents. Tot | aixo, encara no és entes del tot si aquests tipus tenen diferents

A P54784

OO

25 -

\.

20 - . r value = -0.344
p value = 9.318

maneres d'evolucionar. Aqui adrecem aquesta questio estudiant cinc homomers i cinc Computing the conservation
heteromers. -
eteromers Shannon’s Enfropy
Flgure 1. ) = m Knowing the probability of each residue in )
(A) 3D representation of P54784, a A L each position (from an alignment) when you .o o
heteromer subunit. Red — the have more chances to guess an amino acid | |
interface with other subunits, yellow — Q A in @ rondom}y selected prp’rein? The lower is ' " Evolution Rate
the surface. oranae — the core the probot?lll’ry, the lower Is the entropy and . . .
' 9e ; ' A c fhe higheris the conservation :) Y, Figure 2. Correlation of the evolution rate and the
kfgingginrwee?re;emgh? %e?gfsriglcs A Q conservation for each position. (A) Histone
reen—’rhé A Lrjfgce blue — the core ’ - > I acetyltransferase HPA2 (a homomer); (B) Origin
9 v » PIY ' recognition complex subunit 1 (a heteromer).
CToYKTYpa  reTepomepd (A) y A C H [p] = —Z pi lOg pi Higher evolution rates (Kc/Kr), correspond to lower
romomepad (B) MokA3aHbI MOBEPXHOCTb Q R i=1 Shannon's enfropy and vice versa.

KoppeAsums CKOPOCTM 3BOAOLMM U
KOHCEPBATMBHOCTM (LLIEHHOHOBCKOM SHTPOMMM)
AAS BCEX MO3MLIMM BEAKQ.

KOHTOKTA, APYrads MOBEPXHOCTb U KOP.

Results

Surface Core Interface

Measures of Shannon’s Entropy and Evolutionary

Rate per structural property ;E.: .
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E Figure 7. Histograms per structural category with comparisons between heteromers and homomers. (A) The

Evolution Rate

distributions of entropy in the surface and core for heteromers (resp., yellow and orange) and homomers (resp., green

and blue are similar. (B) The distributions of evolution rates do not show any significant difference.
CpaBHEHME CKOPOCTEM DBOAOLMK U LLIEHHOHOBCKOM SHTPOMMKM B TOMOMEPAX M TETEPOMEPRAX HE BbIABAIET 3HAYMMbBIX PA3AMYMM,

Figure 3. Distribution of the evolutionary rate and conservation of positions in each structural
category. A and C show Origin recognition complex subunit 1. B and D show Histone
acetyltransferase HPA2. Note that the core is more restricted (low Shannon’s entropy, high
Kc/Kr) than the interface in both proteins. In our data it happens for 80% of homomers and .
60% of heteromers.
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PacnpeaeAeHne CKOPOCTU IBOAIOLIMM M KOHCEPBATMBHOCTM AAL KODKAOM CTPYKTYPOHOM KATETOPUM. ;
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Conclusions and future work
In summary, a comprehensive pipeline was constructed. The pipeline calculates Shannon’s =
entropy and Evolution Rate, and normalizes these values for any given set of protein homologs. . E
The pipeline also assigns structural categories (surface, core, and interface) to amino acids of t=-2.219 t =0.644
the query proteins. . p =0.057 o = 0.537
Conservation (Shannon’s entropy) and Evolutionary rates (Kc/Kr) are correlated. The core is the formomer: Ereromers remer ieteromens '
most conserved region. Homomer subunits fend to have a larger surface area that interacts
with the other subunits as compared with heteromers. Homomers tend to have a higher
restriction in the evolution of their interfaces, however we do not have sufficient data to prove
;TOT'SJ”COl S|gn|gchor]rce of this observation. Finally, the evolutionary rate does not ditfer between Figure 9. Distributions of normalized entropy (A) and normalized evolutionary rate (B). The entropy plot shows that
ch])chr)rngers an o © erTomgrs(.j q th ted pineline f | dat b Additi | Ve homomers are more conserved than heteromers, this difference is not statistically significant (probably due to the small

©53 g ydmoy © ex er]rhe US'Tng © cir.reo © fp'pe. ne O'fdg argerdaid seT. ; mond gnoly5|s sample size). The evolutionary rate plot shows no difference between homomers and heteromers.

may e .one using other categorizations of amino acias ds a parametfer tor a radicat or PacnpeaeAeHne 3HTPOMMM NOKA3bIBAET OOAbLLYIO KOHCEPBATUBHOCTE TOMOMEPOB MO CPABHEHMIO C TETEPOMEPAMM OAHAKO
conservative change. . _ . . DA3AMYME CTOATUCTUHECKM HE3HAYMBO (BO3MOXHO M3-30 HEBOABLLIOTO PA3MEPA BbIBOPKM). POCMPEAEAEHME CKOPOCTEN 3BOAIOLIUM HE
All data and the code are available at https.//github.com/LauAvinyo/SMTB18 Project. BbISBASIET PABAMYMIA.
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